Summary: A routine method is described for the enzymatic determination of phosphatidyl choline in the apolipoprotein B-free supernatant after precipitation of blood sera with phosphotungstic acid/MgC! 2 . The principle of this method is based on the specific cleavage of phosphatidyl choline by purified phospholipase C from B. cereus, and the enzymatic determination of choline by choline kinase after hydrolysis of phosphorylcholine. The enzymatic method provides HDL phosphatidyl choline values which coincide with those of the conventional chemical method. Furthermore, the values obtained with the enzymatic method for the HDL fraction isolated by ultracentrifugation (1.063-1.21 kg/l) also closely coincide with those of the apolipoprotein B-free supernatant fraction. The precision, linearity and sample stability were also checked. The findings obtained show that the enzymatic assay introduced here is suitable for the routine determination of phosphatidyl choline in the apolipoprotein B-free supernatant.
comitant increase in the triglyceride values of these particles (3, 4) . Thus the HDL cholesterol value is not representative for the HDL mass, but only reflects the cholesterol constituent of this particle fraction. In order to be able to gain Information about the HDL mass or the HDL composition, it is necessary to determine simultaneously additional HDL components such äs HDL apolipoproteins and HDL phospholipids. Whereas additional determination of HDL apolipoproteins has recently gained increasing importance in clinical (4, 5, 6) and epidemiological studies (7) , the analysis of HDL phospholipids or HDL phospholipid fractions such äs HDL phosphatidyl choline and HDL sphingomyelin have not so far been incorporated into routine analysis, due to the elaborate nature of the analysis involved.
Recently an enzymatic method for determining phosphatidyl choline in amniotic fluid was developed (8) . This assay involves phospholipase C-catalysed cleavage of phosphatidyl choline to yield diglycerides and phosphorylcholine', äs well äs hydrolytic cleavage of phosphorylcholine by alkaline phosphatase and spectral photometric analysis of choline using choline kinase. We have tested this method of measuring phosphatidyl choline in the supernatant fraction following precipitation of apolipoprotein B-containing lipoproteins with phosphotungstic acid/MgC! 2 (HDL phosphatidyl choline). Sample material Sera from the experimental series "Prospective epidemiological study'in Company employees in Westfalia" were used äs sample material. Blood samples were drawn in the morning in a specially equipped bus after a fasting period of at least 12 hours. The serum samples obtained were stored at +4 °C and arrived at our laboratory after a maximum of 3 days. Analysis was carried out within 24 hours after receiving the serum samples.
Materials and Methods

Methods
HDL Isolation
HDL was isolated by ultracentrifugation or precipitation of apolipoprotein B-containing lipoproteins äs described previously in detail (9) . The mixture is incubated for 30 minutes at 37 °C followed by denaturation of proteins by heating at 95 °C for 10 mirmtes. After cooling to room temperature, the denatured proteins afe centrU fuged out in an Eppendorf 3200 centrifuge. From the supernatant obtained from the sample solution and : reageöt blank solution l ml is placed in Eppendorf K cuvettes (No, 4071 306.009), to which are added 0.050 ml coenzyme solution 1 ) (4 mmol/l NADH, 20 mmöl/1 ATP, 7 mmol/1 phosphoenolpyruvate (crystallized tricyclohexylammonium salt), and 0.020 nil pyruvate kinase/lactate dehydrogenase mixture (300 kUA each). The reaction solution is then mixed well and, after 10 minutes of incubation at 37 °C, the absorbaiice AI is measured at 365 nm (against H2O). Afterwafds 0.025 ml choline kinase (2 kU/1) is pipetted into the solution and mixed well; absorbance A 2 is then measured after 7 minutes, and absorbance AS after an additional 7 minutes. The factor of 1.1 is omitted in the determination of HDL phosphatidyl choline in samples isolated by ultracentrifugation.
Enzymatic determination of phosphatidyl choline
the solution also contains 45 mmol/1 glutöse (9) J. Clin, Chem. Clin. Bioehem. / Vol. 21, 1983 / No. 3
Determination of phosphatidyl choline after Separation of phospholipids by thin layer chromatography
The phospholipids are extracted, the thin layer chromatography of phospholipids is carried out and the phosphate is assayed äs described in detail elsewhere (9) .
Results
Accuracy and precision of the HDL phosphatidyl choline assay
Regression analysis of the data collected after precipitation with phosphotungstic acid/MgCh (y) and following ultracentrifucation ( A value of 6.5% ( ± SD: 1.60 ±0.11 mmol/l; n = 20) was determined äs the Variation coefficient for the precision in series. The Variation coefficient for the precision from day to day, äs determined from serum samples stored at -18 °C, was 10.5% (x ± SD: 0.90 ± 0.09 rnmol/1; n = 14).
Specificity of the HDL phosphatidyl choline assay
By thin layer chromatography of the lipid extract, which was isolated from the apolipoprotein B-free supernatant after the action of phospholipase C (0.5 ·*-4 U phospholipase C per 100 solution), we only observed cleavage of phosphatidyl choline and not of sphingomyelin or of lysosphatidyl choline (not shown).
Linearity of the HDL phosphatidyl choline assay
The linearity of the enzymatic determination of HDL phosphatidyl choline was checked by addition of various sample volumes to the test solution. As illustrated in figure 3 , the differences in absorbance rneasured in the ränge between 0.010ml and 0.150 ml of sample (apolipoprotein B-free supernatant) per iricubation solution were directly proportional to the added sample volumes.
Sample stability
Storage of the sample materials may have an effect on the accuracy of the HDL phosphatidyl choline values due to the activity of lecithin: cholesterol acyltransferase (LCAT) or phospholipases in the serum. In order to investigate the possible influence of the time interval between drawing blood and centrifuging the sample, 4 different blood samples were centrifuged at various times after .the blood was drawn. As indicated in table l there was no difference in HDL phosphatidyl choline values for the samples left Standing at room temperature for between 15 and 120 minutes after the blood was drawn. Furthermore, neither storage of blood sera for l week at -18 °C, nor storage of blood sera or the corresponding apolipoprotein B-free supernatants for 72 hours at 4-4 °C had any effect on the HDL phosphatidyl choline concentrations (table 2) . However, storage of sera or the corresponding apolipoprotein B-free supernatants at +20 °C for 24 hours resulted in a slight decrease (on the average 6% and 10%, respectively) in the HDL phosphatidyl choline values. A decrease (average 16%) of the original HDL phosphatidyl choline values was observed only after the blood sera had been stored for l week at +4 °C. 
uals
Discussion
The method used here to determine phosphatidyl choline in the apolipoprotein B-free supernatant of blood sera was developed for the analysis of phosphatidyl choline in amniotic fluid (8) . The analytical principle is based on the enzymatic cleavage of phosphatidyl choline with phosphilipase C and the enzymatic determination of the choline released after hydrolysis of the phosphorylcholine. The phospholipase C from B. cereus.used in the test System specifically cleaves phosphatidyl choline and does not cleave other choline containing phospholipids such äs sphingomyelin and lysophosphatidyl choline.
Recently an enzymatic method for determination of total choline containing phospholipids (phosphatidyl choline, lysophosphatidyl choline, sphingomyelin) in the apolipoprotein B-free supernatant fraction has been reported using phospholipase D and choline oxidase (10) . However, the analysis of total choline containing phospholipids in the supernatant obtained after precipitation of apolipoprotein B-containing lipoproteins does not take account of the fact that a main part of the lysophosphatidyl choline moiety recovered in the supernatant is bound to albumin. The determination of the individual phospholipids e.g. phosphatidyl choline (or sphingomyelin), in the apolipoprotein B-free supernatant avoids this problem.
The determination of HDL phosphatidyl choline has not become routine, due to the elaborate nature of the analysis. To our knowledge, no HDL phosphatidyl choline data were hitherto available. One of the most important problems with regard to the accuracy of the HDL phosphatidyl choline analysis in stored sample materials may be the potential effect of phosphatidyl choline cleaving enzymes. Among the enzymes involved, lecithin: cholesterol acyltransferase (LCAT) exerts the most influence on the stability of HDL phosphatidyl choline. However, äs shown in the present work, the usual conditions of sample storage do not significantly affect HDL phosphatidyl choline concentrations. As recently demonstrated by Albers et al. (11) , the initial lecithin: cholesterol acyltransferase activity in plasma, measured äs the initial rate of cholesterol esterification, was 0.106 ± 0.03 mmol/1 · h at 37 °C. From this result it can be calculated that on average 10% of HDL phosphatidyl choline measured in normal individuals can be converted into lysophosphatidyl choline if the plasma is stored at 37 °C for l hour. This calculation is also confirmed by recent results of Dieplinger & Kostner (12) . However, in our study, blood samples were usually stored at room temperature for 15 to 30 minutes before they were centrifuged, and the sera were stored at +4 °C. Thus, it is unlikely that lecithin: cholesterol acyltransferase activity has a significant effect on the accuracy of our results. Our findings show that the influence of lecithin: cholesterol acyltransferase and phospholipases is even negligible if blood is centrifuged within 120 minutes after drawing, and also if the blood serum is stored for 2-3 days at +4°C, or one week at -18 °C. % Recently we reported a method for the enzymatic determination of HDL sphingomyelin (9) . The Variation coefficients of 10.5% (precision from day to day) and 6.5% (precision in series) which we determined for the HDL phosphatidyl choline assay, are, however, slightly higher than the corresponding values we obtained in testing the precision of the HDL sphingomyelin assay (9) . The lower precision for the HDL phosphatidyl choline assay äs compared with the HDL sphingomyelin assay is apparently due to the greater dilution of samples for the HDL phosphatidyl choline assay. The dilution of l : 50 for the samples for the phospholipase C-catalyzed cleavage of phosphatidyl choline is necessary to avoid turbidity.
In view of increased interest in the determination of HDL phosphatidyl choline clinical laboratories need suitable material for quality control. Obviously lyophilized sera are not suitable for the precipitation of apolipoprotein B-containing lipoproteins (2, 12) . The use of sera pools stored at <-15 °C may be an alternative. In our experience, in frozen sera, HDL phosphatidyl choline äs well äs other HDL constituents such äs HDL apolipoprotein A-I, HDL apolipoprotein A^II or HDL sphingomyelin, are stable for more than 12 weeks.
The enzymatic method reported here is specific for phosphatidyl choline and involves considerably less effort than the conventional methods for determining phosphatidyl choline used to date. Assuming a sample toad of 20-30 samples per day (duplicate assays), it is clear that this method is quite suitable for epidemiological studies. 
